Desulfurization behavior was followed in rapid pyrolysis of coals with the use of free-fall reactor under a nitrogen stream at a terminal temperature of 1253 K. The extent of organic sulfur removal from solid phase ranging from 33% to 90% did not correlate well with carbon content and aromatic carbon fraction of parent coals.
Introduction
The formation of CO2, SOX, NOx and ash has been unavoidable in the conventional coal utilization processes. Development of precleaning technology for removal of sulfur, nitrogen and ashforming minerals as well as advancing coal utilization process with high efficiency is desirable in order to maintain the fossil energy resources as the limited reserve and to minimize the effluent of environment-unfriendly wastes. Coal pyrolysis occurs invariably in any coal conversion processes due to heating and volatile matter sometimes evolves more than 50% of raw coal. Sulfur is a key component not only for the environmental conservation but also for the development of new coal utilization processes such as A-PFBC and IGFC etc. 1 The details of sulfur behavior in pyrlolysis need to be acquired precisely to design efficient desulfurization processes. Incomplete understanding of the behavior of organic sulfur during heat treatment has given rise to a common view that organic sulfur in coal cannot be removed by the pretreatments. Vol.7 No. 2 (1999) In a series of studies on chemical pretreatment for coal cleaning, we have reported the dynamic behavior of sulfur forms during hydropyrolysis under low and rapid heating rates by using fixed beds and a free-fall pyrolyzer.
Kinetic consideration was carried out based on a desulfurization model and observed change in sulfur forms during various heat treatments of coal.5 Pressurized hydropyrolysis was effective for removing the organic and inorganic forms of sulfur in coal.6 Rapid pyrolysis promoted liberation of organic sulfur from solid phase within a short reaction time.
Precise correlation, however, has not been satisfactory among coal properties in characterizing sulfur release from solid phase. 7 In the present study, the desulfurization behavior in rapid pyrolysis was investigated for raw coals in a nitrogen stream up to 1253K. Then, samples were separated into three groups by a sink-float method to investigate the organic sulfur distribution within coal matrix and their characteristic releasebehavior in rapid pyrolysis.
XANES analysis was applied to clarifying the organic sulfur forms for the density-separated coals. Relation between the release behavior of organic sulfur and the aromaticity of samples was discussed.
2. Experimental Table 1 All the sample were crushed, sieved, and then dried at 380K. Average particle size of the sample was 0.35mm.
The samples were separated into three density group by a sink-float method in different concentration of zinc chloride aqueous solution with a separating funnel. The absence of zinc chloride in the density-separated sample was confirmed by extraction with 5M HCI for 2h. Rapid pyrolysis experiment was conducted by using a free-fall pyrolyzer. This apparatus enables coal particles to be heated in a nitrogen stream at rates from 103 to 104K/s depending on particle density and diameter. The temperature profile of the reactor was controlled by an electric furnace composed of five sections, each of which was controlled independently.
The temperature of the reactor rises from a coal hopper exit and attains a constant value of 1253K at the isothermal zone. The decreasing temperature zone is shorter than the increasing temperature zone. The details of the apparatus were described elsewhere.8 Some improvements to the ASTM (D2492) method and the Gladfelter and Dickerhooof method were applied to analyzing sulfur forms (pyritic, ferrous sulfide, sulfate, and organic sulfur) in raw coal and char. The details of the analytical method were reported previously.9
Sulfur K-edge X-ray absorption near edge structure spectroscopy was applied to specifying the forms of organic sulfur in raw coal and char. XANES measurements were carried out at the beam line 2A of Photon Factory in the National Laboratory for High Energy Physics. Si (111) monochromaters were used to vary the incident X-ray energy. The beam irradiated the samlples fixed on a nickel plate under 10-8 atm in a vacuum chamber. Data were recorded in the fluorescence mode in the region of the sulfur K-edge at room temperature.
The fluorescence spectra were collected using a scintillation counter. The absolute photon energy was calibrated with an assumption that the giant resonance of K2SO4 appears at 2481.7 eV. Sulfur forms in the samples were specified by comparing the XANES spectra obtained to the ones for model compounds. 3 .
Results and Discussion Figure  1 shows of the aromatic carbon fraction. Different origin of sulfur and nitrogen in coal may cause these different dependency of pyrolytic removal on the aromatic carbon fraction.
Sulfur in coal was derived mainly from sulfate in sea water that overlaid peat swamps." Nitrogen in coal originated from parent plant material.
To investigate organic sulfur distribution in coal matrix and its effect on pyrolysis behavior, density separated samples were prepared for Mequinenza, SS008 and Nantong coal by a sink-float method. The samples were separated into three groups. The range of each group was altered in three kinds of coal to obtain enough amount of fractionated samples to be supplied for rapid pyrolysis experiments. Figure 3 represents change in organic sulfur content (shown in coal basis for coal and char) with the density-separated groups. For Mequinenza coal, group I contains 11% of organic sulfur and the organic sulfur contents are in the order of I>II>III which decrease with the increase of density. The similar tendency of organic sulfur content with density are also observed for SS008 and Nantong coal independent of carbon and sulfur contents of raw coal. Even high rank Nantong coal containing homogeneous matrix in petrology showed uneven distribution of organic sulfur. Figure 3 demonstrates organic sulfur contents in char after rapid pyrolysis. More than 90% of organic sulfur released to gas phase for group I of Mequinenza.
However residual organic sulfur increased with the increase of density, groups II and III still provided high extents of organic sulfur 
Conclusion
Various kinds of coal from lignite to bituminous were pyrolyzed rapidly in a free-fall reactor at atmospheric pressure in a nitrogen stream at a terminal temperature of 1253 K. The extent of organic sulfur removal in the rapid pyrolysis varied from 33% to 90% depending on the sample. An apparent correlation was not observed between the extent of organic sulfur removal and carbon content of parent coal. The rapid pyrolysis and the XANES analysis of the density-separated samples indicated that organic sulfur, especially sulfide sulfur concentrated into lower density group, which would contribute to the efficient removal of organic sulfur.
The extent of organic sulfur removal was correlated well with the aromatic carbon fraction of the density-separated samples.
